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Abstract
Background: Multiple pregnancies have increased risk of certain adverse outcomes as 
preterm birth, low birthweight and higher perinatal mortality rate compared to singleton 
pregnancies. Data from industrialized countries during the last 20-30 years indicate 
rising incidences and have therefore been of major concern. The objective of the present 
thesis was to assess trends, incidence and outcome of multiple pregnancies in Norway 
during four decades with special focus on maternal age, assisted reproductive 
technologies (ART) and the mother’s own gestational age and birthweight-by-
gestational age.  
Methods: Three population based cohort studies were all based on data from the 
Medical Birth Registry of Norway. Data were derived from cross-sectional-, sibship- 
and generational data files provided by linkage of the mothers’ unique identification 
number and the infants’ day of birth. Outcomes for twins and triplets were compared 
with those for singletons and estimated for the periods before (1967-1987) and after 
(1988-2006) information on ART was available in the registry. Contingency tables, 
stratification, generalized linear models and logistic regressions were used to calculate 
statistical associations. 
Results: Incidence: The total twin birth rate in Norway increased from 1.1% in 1967 to 
1.9% in 2004. Restricted to spontaneously conceptions, the rate reached 1.6% in 2004. 
A rise in the total triplet rate was observed from the last part of the eighties and through 
the nineties, followed by a steep decline from year 2000.  
The likelihood to conceive with twins increased with the mother’s own birthweight, but 
was unchanged by her gestational age at birth.             
Perinatal outcome: The gestational age declined and the cesarean section rate increased 
in both twin- and triplet pregnancies from the first to the second period. The perinatal 
mortality rate improved considerably, but was still ten-fold higher in triplets and four 
times higher in twins compared to singletons in the last period. A proportion of ten 
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percent of the triplets were very preterm born (28 weeks), and did partly explain the 
higher mortality rate for these infants. 
The mother’s own gestational age and birthweight-by-gestational age had significant 
impact on the outcome of her reproduction, especially in twin pregnancies. If the mother 
herself was born at 27-31 weeks, she had four times higher relative risk of losing one or 
both of her twins compared to term born mothers. Term born mothers with birthweight-
by-gestational age z-score <-2, also had a high mortality risk in twin offspring. 
Conclusions: The twin birth rate in Norway has increased nearly 50% during the last 
decades, even when pregnancies from ART are excluded. The perinatal mortality rates 
for twins have declined considerably during the same period, but a less favourable 
improvement is observed for triplets. A twin pregnancy is a high-risk pregnancy if the 
mother herself is born preterm or is growth restricted at birth. Factors leading to preterm 
birth or growth restriction in one generation seem to affect reproduction outcome in the 
next generation, and is clearly revealed in a twin pregnancy.  
 
  
9
9
List of publications 
 
1. Tandberg A, Bjørge T, Børdahl PE, Skjaerven R. Increasing twinning rates in 
Norway, 1967-2004: The influence of maternal age and assisted reproductive 
technology (ART). Acta Obstet Gynecol Scand.2007;86(7):833-9 
 
 
2. Tandberg A, Bjørge T, Nygård O, Børdahl PE, Skjaerven R. Trends in incidence 
and mortality for triplets in Norway 1967-2006: The influence of assisted 
reproductive technologies. BJOG 2010;117(6):667-75. 
 
 
3. Tandberg A, Melve KK, Nordtveit TI, Bjørge T, Skjaerven R. Maternal birth 
characteristics and perinatal mortality in twin offspring. An intergenerational 
population-based study in Norway 1967-2008. BJOG 2011;Epub Date 11/02/04.  
 
 
 
 
 
 
  
10
10
Definitions and abbreviations
ART: Assisted reproductive technologies are defined as procedures in which a woman’s 
ovaries are stimulated, her eggs surgically removed, combined with sperm and returned 
to the woman’s uterus. 
AID: Assisted insemination by donor. 
AIH: Assisted insemination by husband. 
Dizygous (DZ) twins: Dizygotic twins occur when two eggs are fertilized by two 
different sperms and implant in the uterus within the same menstrual cycle. These twins 
will be no more similar genetically than any siblings and they may have like or unlike 
gender. 
FER: Frozen embryo replacement. 
FSH: Follicle stimulating hormone.
Gestational age: The duration of pregnancy. 
ICSI: Intra cytoplasmatic sperm injection.
Infertility: Infertility is the inability to conceive a child after two years of regular sexual 
intercourse without contraception.  
Intergenerational factors: Conditions experienced by one generation that affect the 
pregnancy outcomes in the next generation.  
IVF: In Vitro Fertilisation. 
MBRN: The Medical Birth Registry of Norway. 
Monochorionic: When monozygotic twins are contained in a shared chorion, they are 
referred to as monochorionic. The chorion is the outer membrane of the sac surrounding 
a fetus in utero. 
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Monozygous (MZ) twins: Monozygous twins occur when a single egg is fertilized to 
form a zygote, but this zygote split into two separate, but identical embryos. MZ twins 
are genetically identical and look alike. 
Parity: The number of times a woman has given birth. 
Perinatal mortality: Death of the fetus from 22 gestational weeks until  6 days after 
birth. 
Stillbirth: The World Health Organisation defines stillbirth as fetal death after 
gestational week 22 and before birth. This definition is used in Paper 2. In Paper 3, we 
included all stillbirths from 16 completed weeks of gestation as recorded in MBRN.  
Twins: Refer to two individuals who have shared the same uterus and are being born 
within the same day or next. 
Zygote: A zygote is the cell formed by the union of a male sex cell (a sperm) and a 
female sex cell (an ovum). The zygote develops into an embryo following the 
instruction encoded in its genetical material, the DNA. 
 
Statistical abbreviations:  
CI: Confidence interval 
OR: Odds ratio 
RR: Relative risk 
SD: Standard deviation 
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1. Introduction 
1.1 Multiple births 
The most common event in human reproduction is the birth of a single infant. Multiple 
births are relatively rare, but contribute to a significant proportion of pregnancy 
complications such as preterm birth, perinatal morbidity and mortality.1 2 As twins and 
higher order pregnancies are much less frequent than singleton pregnancies, related 
research papers are limited in numbers. Multiples are often excluded from study 
populations or reported in subgroups to avoid introduction of bias.3 4 Establishment of 
nationwide health registries has, however, facilitated epidemiological research in cohort 
designs with appropriate sample sizes for studies of twins and higher order multiples.  
There are two types of twinning; dizygotic (DZ) and monozygotic (MZ). The rate of 
MZ twins has been remarkably constant among spontaneously conceived twin 
pregnancies throughout the world,5 6 and is about 3-4 per 1,000 pregnancies.7-10 The 
variations of the twinning rate have been confined to DZ twinning. DZ twinning is 
repeated in families, and genetic analysis is beginning to identify genes contributing to 
these events.11 Other factors predisposing to DZ twinning include maternal age, ovarian 
hyperstimulation and the use of assisted reproductive technologies (ART). The 
mechanism of MZ twinning is still poorly understood and is considered to be a 
spontaneous or random event.11 Dependent on which day after fertilization the 
separation of the zygote into two embryos occurs (day 1-14), the twins will more or less 
share membranes and placenta. The later the separation occurs, the greater are the risks 
for complications. MZ twins are genetically alike and have always the same gender. 
However, their intrauterine experience may be different and mechanical defects 
(amniotic band syndrome), circulation disturbances and delivery complications may 
affect only one of the twins.7  
A multiple pregnancy represents a high-risk situation for the mother as well as the 
fetuses. The main maternal complications are pregnancy-induced hypertension, pre-
eclampsia, ante- and postpartum bleeding, gestational diabetes and assisted and surgical 
delivery.12 13 14 These complications are more frequent among twin pregnancies and 
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have a significant impact on the outcomes of twins such as preterm delivery, perinatal 
morbidity and mortality.15 16  
Preterm delivery is the major contributor for adverse perinatal outcome in multiple 
pregnancies.17 18 Placental failure and intrauterine growth restriction (IUGR), growth 
discordance and severe preeclampsia may lead to iatrogenic preterm birth, either 
medically induced or by cesarean section.19 Excessive stretch of the myometrium due to 
increased fetal and placental mass is associated with elevated production of 
prostaglandins and upregulation of proteins that mediate ripening of the cervix with 
onset of delivery as consequence.20 Infections in cervix uteri, chorioamnionitis21 and 
idiopathic vaginal bleeding22 are also pathological processes that may initiate preterm 
delivery. 
 
Figure 1: Potential mechanisms leading to preterm birth in multiple pregnancies. 
From: Reference 20, with Licence Agreement from Elsevier. Licence no.2604690477009. 
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Twins and triplets have higher risks of birth defects than singleton pregnancies.23-26 
Three large and detailed studies have shown similar effects on the malformation rates in 
multiples, although the studies had differences in definitions and inclusion criteria.23 25 26 
A weighted meta-analysis estimated an overall increase in the risk of a birth defect in 
twins to be 30 % higher than in singletons (OR 1.3;1.02-1.64).27 Some studies have 
examined this result further for differences by zygosity or chorionicity and 
malformation rates.26 28 Subgroup analysis revealed that the proportion of malformations 
was not significantly different between singletons and DZ twins, whereas the rate for 
MZ twins was five-fold higher than for singletons.28 Probably 10% of MZ twins are 
born with a birth defect.7 In triplets, the malformation rate is estimated by some 
investigators to be about four times as high as in singletons.29 30 In a large Japanese 
study, 3.7% of triplets had a birth defect compared with 1.5% in singletons and 2.2% in 
twins.31 
Twin-twin transfusion syndrome occurs in 10-20% of all MZ, monochorionic twin 
pregnancies and these twins have a survival rate of only 69-90%.32-34 The syndrome is 
caused by the formation of circulation disorders (vascular anastomosis) in the 
monochorionic placenta which enables the blood circulation of the two twins to 
communicate and create inter-twin hemodynamic imbalance.33 35  
 A vaginal twin delivery is an obstetric challenge due to complicated assessment during 
labour, malpresentation of the fetuses and high risk of cord prolapse. At term, the 
second born twin has a threefold higher risk of delivery related death than first born 
twin mostly due to anoxia. A British study from 2007 suggested planned cesarean 
section of twins in order to prevent these deaths.36 The study estimated that 264 twin 
cesarean sections had to be performed to prevent one death.37  
1.2 Incidence 
The spontaneous twinning rates vary considerably throughout the world and between 
populations. The lowest rates have been reported from Japan (6-9 twin births per 1,000 
births). Europe, America and most countries in Africa and Asia have intermediate rates 
(9-20 per 1,000), while the highest rates have been found in rural populations in Nigeria 
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(27-54 per 1,000).38-40 The rates of spontaneous twinning declined in many western 
countries during the 20th century with the lowest incidence in the mid-1970s. The rate at 
that time was 11 per 1,000 in Finland, 10 per 1,000 in Denmark and 9 per 1,000 in 
Norway and Sweden.41 The U-shaped curve with the lowest incidence in the mid-1970s 
is not fully understood,39 41-44 and the rates increased gradually until the mid-1980s, 
followed by a more rapid increase from 1990 to 1996.41 45 The most pronounced rise 
was observed in Denmark, where the rate increased 2.2-fold in the period 1970-2003, 
from 10 to 22 per 1,000 births.46 47 Based on data from “Division of Vital Statistics, 
USA “48, researchers have annually described the multiple birth rates in the US until 
2005.49 50 They reported that the twin birth rate increased until 2004 and was unchanged 
in 2005. The actual data are missing in these reports, but another study from the same 
Vital Statistics calculated the twin birth rate to be19 per 1,000 births in 1990 and 29 per 
1,000 in 2000. The proportion of multiple births from ART in the US was estimated at 
13.6% in 2000.51  
In industrialized countries where ART was available, there was a dramatic rise in 
incidence of triplet pregnancies from the late eighties until the late nineties. In Denmark, 
the triplet rate increased from 1.44 per 10,000 births during 1980-88 to 6.08 per 10,000 
in 1994.46 In Norway, the increase was reported to be 9-fold from1972 to 1994, but the 
data in the cited paper are based on the Population Statistics in Norway and does not 
seem to be complete.45 The epidemic increases in the triplet rates were similar in other 
European and Asian countries. In the US, the increase was 5-fold from1980 to 1997 and 
declined annually from 1998, and the contribution of ART-triplets to the total of triplet 
births was 42.5% in 2000.51 52  
In this century, it has been the aim of the European Society of Human Reproduction 
(ESHRE) to reduce the multiple gestation rates caused by ART, and single embryo 
transfer (SET) programmes are now implemented in most fertility clinics in Europe. As 
a result, the twin birth rates have declined in many European countries during the last 5 
years, particularly in the Nordic countries.53 
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1.3 Maternal age and parity
Already in 1865, the Scottish obstetrician Matthew Duncan was aware of the relation 
between increasing maternal age and increasing twinning rates.54 The documentation of 
increasing twinning rates with advancing maternal age is numerous and convincing.41 43 
55 The lowest rates are found among women less than 20 years, and women 35-39 years 
have the highest rates. In recent years, women in western countries postpone having 
children to a later stage in life, which is a substantial contributor to the increasing 
twinning rates. In Norway, the mean maternal age regardless of parity, has increased 
from 26 years in 1967 to 30 years in 2008.56 This is a paradox because of the general 
decline in fecundity by age. One hypothesis is that serum level of the follicle stimulating 
hormon (FSH) secreted by the pituitary gland, increases because of a decline in the 
ovarian feedback. As a result of the higher FSH level, more than one follicle complete 
their final maturation and multiple ovulations are likely to occur.57-59  
The theory that women who conceive with twins were more fertile than other women 
was proposed in the early 70ies.60 The background for this idea was the higher rate of 
twinning with higher parity in the period before the availability of effective 
contraception. MacGillivray et al. concluded in a study that the association between 
twinning and parity was largely due to the maternal age effect.61 A case control study, 
including all twin mothers in Denmark in 1984-85, found no association between parity 
and DZ twinning, and a negative association between parity and MZ twinning.55 
Another Danish cohort study found that subfertile women had a low rate of twins,62 and 
women who conceived more quickly, had a higher DZ twinning rate.63 During the last 
decades, birth rates have declined in most part of the world. Norwegian women have on 
average one child less than they did in the 60ies.64 Consequently, higher parity cannot 
be a substantial contributor to the increasing twinning rates during the last twenty years.  
Other factors that affect the occurrence of twinning are genetic predisposition, maternal 
height and body mass index,62 diet65 and psycho-social stress.38  
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1.4 Fecundity and infertility
Fecundity is the biologic ability to conceive a live birth. Fecundity and infertility is 
highly associated. The incidence of reduced fecundity is difficult to estimate and few 
population based data sources are available. However, in the Mother and Child Cohort 
Study66 it is possible to estimate “time to pregnancy” because the mothers report how 
many months it took for her to conceive. One study from the Mother and Child Cohort 
presented a significant trend of reduced fecundity by increasing male body mass index.67 
Another cohort study from Denmark showed reduced fecundity in overweight and obese 
women.68 Fertility rates decline with advancing age, and older couples will need longer 
time to conceive than younger couples.69 70 Other risk factors of reduced fecundity is 
smoking,71 sexually transmitted infections, reduced frequency of intercourse, somatic 
co-morbidity and high stress level.72 In a retrospective study, including 3,000 women, 
the infertility rate was estimated at 16.1% (95% CI: 14.6-17.6).73 In about a third of all 
infertile couples, the causes of infertility originate from female factors, one third 
concerns the male and one third is unexplained. There are often overlap between 
categories, and one couple may suffer from combinations of several fertility lowering 
factors.  
1.5 Assisted reproductive technologies (ART) 
In the literature, there are different forms of fertility treatments included in the term 
assisted reproductive technologies (ART). The method used for fertilisation is 
dependent on the infertility factor and previously failed treatment cycles. In unexplained 
infertility, tubal disease, ovulation disorder and endometriosis, in vitro fertilization 
(IVF) is used. Intracytoplamatic sperm injection (ICSI) is used in male infertility with 
reduced sperm quality. Surplus embryos can be cryopreserved and replaced in 
subsequent treatment cycles (FER). Hormonal stimulation with assisted insemination by 
partner (AIH) is used in couples with ovulation disorder or unexplained infertility and 
the pregnancy rate is 5-10% per cycle.74 Artificial insemination by donor (AID) is used 
for severe reduced sperm quality.  
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 The first baby conceived in vitro by assisted reproductive technologies (ART) was born 
in 1978 and she has now become a mother herself.75 The use of ART is increasing 
world-wide, and, in 2005, the proportion of children born after assisted fertilisation was 
2.8% in Norway, 2.9% in Sweden and 3.5% in Denmark.53 In 2010, as many as 4.5 
million babies have been born world-wide after ART treatment.76 The mean proportion 
of multiple births among ART pregnancies in 16 European countries was 22% in 
2005.53 To compare, in pregnancies from spontaneous conceptions the multiple rate 
varies from 0.9 to 2.7%.41 45 In Norway, the multiple rate from ART-pregnancies has 
declined from 30% in 2000 to 12% in 2008.74 
1.6 Differences in perinatal outcome between non-ART and ART 
 Several studies have shown that ART pregnancies are associated with more frequent 
adverse perinatal outcomes compared to pregnancies conceived naturally.77 78 Firstly, 
the outcomes of ART are influenced by the background characteristics of people being 
treated by ART to achieve a pregnancy; maternal age, nulliparity and a history of 
infertility. Secondly, the ART technique itself involves gametes, zygotes and 
implantation processes, and the consequences are not fully understood. One recently 
published study suggested that the problems of adverse outcome in ART singletons 
were related to the underlying infertility rather than the reproductive technology itself.79 
Another study compared the outcome of 2,239 singleton ART children with that of 
6,343 singleton offspring to subfertile women who finally conceived spontaneously. The 
ART group had significantly higher risk of preterm birth and low birthweight.80  
The proportion of 25-35% multiple pregnancies in ART treatment has been the main 
reason for the adverse pregnancy outcome in ART compared to those naturally 
conceived with a multiple rate of 1.5-2.5%. However, comparing perinatal outcome 
between spontaneous and ART conceived twin pregnancies have been assessed by 
several authors and two systematic reviews are available.47 78 In the review from 
Helmerhorst et al.78, ten matched studies with twin pregnancies were included. Three81-
83 of the ten studies were able to control for zygosity.  
  
19
19
DZ twin pregnancies have more favourable outcome than MZ, and zygosity is 
considered to be a major confounder in comparisons between ART and non-ART twins. 
Only 3-5% of ART twin pregnancies are MZ versus about 30% of spontaneous 
conceptions.84 In the review78, summary results for the included studies showed that 
relative risk of perinatal mortality was significantly lower in ART twins than among 
those naturally conceived (RR 0.58, 95% CI: 0.44-0.77). In a national cohort study from 
Denmark,85 no difference in perinatal mortality was found between ART and non-ART 
twins when only DZ twins were included. A recently published study 86 compared 
outcome of ART twins with non-ART twins of unlike sex. ART twins had higher risk of 
preterm birth, low birthweight and perinatal death. In addition, ART twins had longer 
birth admission and were more likely to be admitted to a neonatal intensive care unit.  
 1.7 Intergenerational studies  
Intergenerational studies explore the transmission of characteristics between one 
generation and the next. The highly cited Barker hypothesis says that “undernutrition in 
utero permanently changes the body’s structure, function and metabolism in ways that 
lead to coronary heart disease in later life”.87-89 An interpretation of the Barker 
hypothesis is that an individual’s intrauterine experience will influence on health over 
the life course, including reproduction and pregnancy outcomes. Age at menarche, 
regularity of menstrual cycles and polycystic ovary syndrome are reproductive factors in 
women that will affect pregnancy outcome, and subsequently the offspring health in the 
next generation.90  
Family members across generations share both genes and socioeconomic positions. Half 
of the fetal genes are provided by the mother and half by the father. In addition, a 
mother will affect her fetus through the intrauterine environment during pregnancy, 
which again is dependent on the mother’s genes, health, nutrition, behaviour and 
socioeconomic position.91 The primordial oocytes in a female are created in her fetal 
life, and her intrauterine experience might affect the quality (imprinting process) of her 
gametes with implications for the next generation.92  
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The recurrence of birthweight from a mother to her offspring is well established.93-96 
The familial recurrence of preterm birth and the relative contributions of maternal and 
fetal genotypes to the risk of preterm delivery was explored in an intergenerational 
study using the same source population as in the present thesis. The results from this 
study suggested that inherited risk factors may contribute to preterm delivery, but 
probably only through the mother.91 
In the literature, we found one intergenerational study with focus on outcome of 
twinning as end point.97 The study concluded with a weak, but positive relation between 
maternal birthweight and twin offspring gestational age and a strong relation to total 
twin birthweight. However, the sample size was small, with only 131 mother-twin pair 
units included.  
Studies on the association between a mother’s birth characteristics and perinatal 
mortality in her offspring are few and for singletons only.98 99 In 1997, Skjærven et al. 
published a study with generational data from 104,105 mother-offspring units from the 
time period 1967-1994. The main finding was that a mother’s birthweight did influence 
the perinatal mortality of her own babies, but only if her birthweight was below 2,000 
gram.99 A follow-up study by Nordtveit et al., with 520,794 mother-offspring units from 
1967-2006, was published in 2010. The authors concluded that a mother’s gestational 
age, and not her birthweight, was significantly associated with perinatal mortality in the 
offspring, while there was no such association for the father.98 Twin pregnancies were 
excluded from these studies. 
1.8 Background of the present thesis:
Increasing incidence of multiple pregnancies worldwide has been related to more 
widespread use of ART. However, very few studies have been able to distinguish 
between pregnancies from spontaneous conception and ART in the presentation of the 
incidence rates. Our nationwide, population based birth registry with linkage to the ART 
Registry, made it possible to present the multiple incidence rates from spontaneous 
conception and ART separately.  
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Several studies have investigated the differences in pregnancy complications and 
perinatal results between twin pregnancies and singleton pregnancies.1 2 Many 
investigators have also compared twin pregnancies from ART with those of spontaneous 
conceptions.47 78 81 85 However, publications on triplet studies are sparse, and based on 
small numbers or samples from different databases,17 100-103 with the risk of introducing 
selection and information bias. Hence, our main focus in Paper 2 was to investigate 
outcome parametres of triplets relative to twins and singletons. The Medical Birth 
Registry of Norway (MBRN) with birth records on every child born in Norway from 
1967-2006 was a unique data source for cohort studies of triplets.  
The mother affects her fetus through the intrauterine environment which is influenced 
by maternal genes, nutrition status, behaviour and smoking, but also through her own 
experience as a fetus. Results from a previous study showed that very preterm born 
mothers experienced a three-fold increased risk of a perinatal loss in their singleton 
offspring compared to term born mothers.98 A twin pregnancy is a stressful condition for 
the mother and can reveal the underlying relationship of maternal birth characteristics 
and birth outcome even more clearly than single pregnancies. Due to our large data 
samples we were able to apply the Barker hypothesis of early origin of adult disease86 in 
a reproductive context with maternal birth characteristics as exposure for outcome in a 
twin pregnancy.   
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2. Aims of the present thesis 
The overall aim was to investigate the incidence, causes and consequences of multiple 
pregnancies based on data from the Medical Birth Registry of Norway.  
 
The specific aims were to:
 Assess the increasing twinning rates in Norway during the last 40 years, and 
evaluate the impact of maternal age and ART (Paper 1). 
 Describe the secular changes in incidence rates, birthweights, gestational age and 
perinatal mortality for triplets relative to twins and singletons during the last 40 
years in Norway, with a particular focus on the influence of ART (Paper 2). 
 Investigate if maternal preterm birth and intrauterine growth restriction were 
related to perinatal mortality of twin offspring in the next generation (Paper 3). 
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3. Material and methods 
3.1 Data sources 
The Medical Birth Registry of Norway (MBRN). 
The registry was established in 1967 by the Directorate of Health in order to monitor 
birth defects and other maternal and perinatal health problems, and to conduct 
epidemiological research on causes and consequences of perinatal problems.104 Later, 
similar birth registries were established in the other Nordic countries. At present, 
MBRN is one of the largest medical data sources in the world, comprising high quality 
data for a 44-year period. The registry is based on compulsory notification of every birth 
and late abortion in the country from 16 weeks of gestation onwards. By 2008, 2.46 
million births have been registered. A standardized notification form is used to collect 
data on demographic variables, maternal health before and during pregnancy, previous 
reproductive history, complications during pregnancy and delivery and pregnancy 
outcomes. The form is completed by a midwife based on the hospital record and the 
pregnancy record, and sent to MBRN within the 9th day post partum or at discharge 
from the hospital. For neonates transferred to the neonatal intensive care unit, the form 
is completed by the physicians there. The notification form was almost unchanged 
during 1967-1998. A more detailed version was introduced in1999, including ultrasound 
gestational age determination and maternal smoking habits (Appendix 1-2). 
The Population Registry provides identification numbers to all individuals soon after 
birth. All records in the MBRN are routinely linked with the Population Registry in 
order to identify missing birth notifications for live births and for information on all 
later registrations of infants that die.  
The ART Registry  
Since 1988, the MBRN has received a separate notification on central clinical variables 
following ART (Appendix 3). The different methods of reproductive technologies (IVF, 
ICSI and FER) are reported exclusively. Only procedures that involves fertilization 
outside the body is registered, consequently not AIH and AID. The duration and causes 
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of infertility, number of treatment cycles and number of transferred embryos are also 
reported. Finally, the presence and numbers of vital embryos seen at the first 
sonographic examination in the 7th-8th gestational week are noted. The registration is 
based on the mother’s personal identification number after a written informed consent. 
The positive response rate is almost 100% among the pregnant couples. The ART 
registry record is linked with the compulsory birth record using the mother’s unique 
personal identification number. All the eleven public and private Norwegian fertility-
clinics report compulsory to the ART registry. By 2008, data on 18,011 pregnancies, 
including 3,294 twin pregnancies and 137 triplet pregnancies, have been registered in 
the ART registry. In addition, a proportion of women pregnant by ART-treatment 
abroad are registered as an ART pregnancy (yes /no) on the birth record constituting 
1,259 (6.5%) of all ART pregnancies, including 226 pairs of twins in the period 1988-
2008.  
3.2 Methods
All three studies are population based cohort studies. In Paper 1, we used data from 
1967-2004, and 27,849 multiple births and late abortions were identified, including 494 
set of triplets and 30 sets of quadruplets. The multiple birth rates were described as rate 
per 100 births. For the investigation of time trends, the study period was divided into 
two, 1967-87 and 1988-2004. This cut point was chosen because the registration of 
ART pregnancies started in 1988. Detailed descriptions of the placentae with 
membranes were not noted in MBRN. Consequently, we used Weinberg’s method to 
estimate the zygosity in the different time periods and by conception.105 106  
In Paper 2, the source population consisted of all live births and stillborns in Norway 
from the 16th week of gestation onwards in the time period 1967-2006. Births with 
gestational age 16-21 weeks were excluded from the analyses of birthweight, gestational 
age and perinatal mortality, but were included in the incidence rates. After exclusions, 
the study population consisted of 2,118,584 singletons, 55,149 twins and 1,344 triplets.  
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Paper 2 
 
 
Figure 2. Flow chart of included births in Paper 2. 
 
 
In Paper 3, we used data from 1967-2008. Offspring were linked to their mothers by the 
unique national identification number, providing data on 778,978 mother-offspring 
units. Mothers born as multiples themselves and mothers with missing gestational age 
and birthweight were excluded. Records with unlikely birthweight, judged by 
birthweight-by-gestational age Z-scores, were also excluded. After exclusions, the study 
population comprised 9,426 mother-twin pair units. The mothers were born during 
1967-1991 and the offspring were born during 1982-2008.  
 
Medical Birth Registry of Norway 1967-2006 
2.3 mill births 
Twins n=55,149 
Non-ART: 49,808
ART: 5,341
Triplets n=1,344 
Non-ART: 979
ART: 365 
Single n=2,118,584 
Non-ART: 2,110,073
ART: 8,501 
Excluding 16-21         
gestational weeks: 
Single: 2,119 
Twins: 606 
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Figure 3. Flow chart of included births in Paper 3.  
MBRN 1967-2008         
2.46 mill births       
mother-offspring  
n= 778,978                 
mother-twin offspring 
n=10,067                   
studypopulation 
n=9,426 
Twin mothers 
n=205 
Miss.gest.age 
n=412 
Miss.birth weight 
n=11 
Z score >5
   n=13
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3.3 Exposure, outcome and confounding variables  
The incidence rate of twin pregnancies was estimated as the number of twin pregnancies 
per 100 births by year of birth.         
The incidence rate of triplet pregnancies was estimated as the number of triplet 
pregnancies per 10,000 births by year of birth, and accumulated into five-year categories 
in graphs.  
Perinatal mortality was defined as the total number of fetal deaths from 22 weeks of 
gestation in Paper 2 and 16 weeks in Paper 3, until 6 days after birth. In Paper 3, the 
main outcome was perinatal mortality in one or both twins in a pair. 
ART was evaluated by stratification in all papers, and as effect-modifying variable in 
Paper 3.  
Gestational age: Gestational age estimation was based on the last reported menstrual 
period (LMP). From 1999, ultrasonographic gestational age estimation was reported in 
addition, but only used if LMP was missing (2.5%). In ART pregnancies, the date of 
embryo transfer was used to calculate the length of gestation. In Paper 2, gestational age 
was missing in 5.4% of singletons, 4.7% of the multiple pregnancies and in 8.5% of the 
pregnancies from ART. In records with missing gestational age, cases with birthweight 
500 gram were included in the analyses of incidence, mean birthweight and total 
perinatal mortality. In Paper 3, mothers with missing gestational age (4.2%) were 
excluded. In the twin offspring generation, the gestational age of the firstborn twin was 
used. The mother’s gestational age at birth divided into five categories was the main 
exposure in Paper 3.  
Preterm delivery: Preterm delivery was defined as birth before 37 completed weeks or 
259 days of gestation.107 In Paper 2, we redefined the preterm definition as birth  10th 
percentile of gestational age separately for the three plurality categories. In Paper 3, 
gestational age at birth for the index mothers were divided into five categories (27-31, 
32-34, 35-36, 37-42 and 43+ weeks).  
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Z-scores for birthweight by gestational age: Conversion of the absolute birthweight (Xi) 
by gestational age to a standardized score (Zi), represented in units of standard 
deviations, following the formula: 
      Zi = (Xi-Xmean )/SD 
Xmean and SD are mean and standard deviation of birthweight for a specific gestational 
age in whole weeks. 
Birthweight discordance in twins and triplets: Calculated as the difference between the 
largest and the smallest infant’s weight, divided by the largest infant’s weight.  
Maternal age: Maternal age at delivery was categorized into five-year age groups (<20, 
20-24, 25-29, 30-34, 35-39 and 40+ years) and used as exposure in Paper 1 and 
confounder in Paper 2. Maternal age was effect-modificator in Paper 1.  
Parity was defined as the number of children previously born to a woman, and was 
evaluated as confounder in Paper 1 and Paper 3. Data were missing in 1.5% of the 
births. 
The study period was mainly divided into two, before (1967-87) and after (1988 -2004 
(2006 in Paper 2)) the start-up of the ART registry in MBRN. Most analyses in Paper 1 
and 2 were stratified by these two time periods, but further subdivided into five-year 
periods in the estimation of incidences.  
The study unit was twin pregnancies in Paper 1. In Paper 2, the individual infants were 
the units in the analyses of gestational age, birthweight and perinatal mortality. 
Measurements of birthweight discordance were assessed using a triplet sibship data file. 
In Paper 3, the outcome units were twin pairs organized as sibships. We considered it as 
an event if one or both of the twins died.  
  
29
29
3.4 Statistical analyses:  
Associations between exposures and outcomes were estimated using relative risks (RR) 
and odds ratios (OR) with 95% confidence intervals (95% CI) in 2x2 tables and logistic 
regression, respectively. 
Mean values of subgroups were compared by t-tests and proportions by chi square tests. 
Potential confounders were evaluated in contingency tables, stratification and logistic 
regression.  
RR models in Paper 3 were calculated using generalized linear models with log-link 
rather than logit-link as in logistic regression. 
Effect modifications were evaluated with specific interaction terms in general linear and 
logistic regression models (Paper 1 and 3).  
Deviation from linearity was tested using “goodness of fit” between a model with a 
linear trend and a model with categorical factors rendering a chi-square test. 
The Z-scores were based on current ‘birthweight for gestational age standards’ in 
Norway based on tabled data as presented by Skjærven et al.108  
P-values <0.05 were considered statistically significant (Paper 2 and 3). 
Estimation of zygosity was calculated using the Weinberg’s method (Paper 1). The DZ 
twinning rate was estimated as twice the number of opposite sex twin pairs. This 
number was subtracted from the total number of twins to identify the MZ rate.105 
We used the statistical software packages SPSS version 15.0 (SPSS Inc., Chicago, 
Illinois) and STATA Statistical Software, Release 9.0 (StataCorp LP, College Station, 
Texas). 
Graphs were created in SigmaPlot10, Systat Software Inc. (SSI), San Jose, California. 
  
30
30
4. Summary of results 
4.1 Incidence 
During the total study period 1967-2006, 2.18 million pregnancies were registered in the 
MBRN. Of these, 27,575 were twin pregnancies and 448 were triplet pregnancies with 
gestational age >22 weeks. ART was registered from 1988, and overall 12,509 
pregnancies were conceived by ART, including 2,964 twin pregnancies and 151 sets of 
triplets to the end of the study period.  
The total twinning rate was stable at 1.0-1.1% from 1967 to1988 and increased 
thereafter to 1.9% in 2004, a yearly increase of 3.3%. Restricted to spontaneously 
conceived twin pregnancies, the rate reached 1.6% in 2004. A rise in the total triplet rate 
was also observed from the last part of the eighties. After excluding ART pregnancies, 
the incidence was still doubled from the start to the end of the study period.  
In Paper 3, the likelihood to conceive with twins was studied in relation to maternal 
birth characteristics. The relative risk to conceive with twins was dependent on the 
mother’s birthweight, but not on her gestational age at birth.  
The increase of the twinning rate from the first (1967-1987) to the second (1988-2004) 
time period was significant in all maternal age strata with an interaction between 
maternal age and time period (p= 0.003) (Figure 4, left). In spontaneous conceptions, 
the chance to conceive with twins increased up to age 38, followed by a strong 
decreasing trend. In ART twin pregnancies, the distribution of twin pregnancies by age 
was different from spontaneous conceptions, with the highest risk among women 25-30 
years and a steep decline thereafter.  
The age-specific non-ART triplet rate was not dependent on maternal age to the same 
extent with an almost stable rate among women 30-40 years. However, similar to twins, 
there was an increase in all gestational age categories in triplets from the first to the last 
period (Figure 4, right).  
  
31
31
 Maternal age
<20 20- 25- 30- 35- 40- 45+
P
er
 1
00
00
 p
re
gn
an
ci
es
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
1967-1987
1988-2006
 
Figure 4. Twinning (left) and triplet (right) rates by maternal age in two periods among non-
ART pregnancies. 
4.2 Birthweight, gestational age and perinatal mortality 
Birthweight was unchanged over time in the very preterm categories (28 
weeks), but increased in the last time period by advancing gestational ages in all 
plurality categories. The mean gestational age declined in both twin and triplet 
pregnancies from the first to the second period. The cesarean section rate increased 
substantially in the same period. The perinatal mortality rate in twins improved slightly, 
but was unchanged in triplets relative to singletons over time, although the overall 
perinatal mortality rates improved significantly.  
The gestational age specific mortality was highest for singletons and lowest for 
triplets in the gestational age categories 23-31 weeks. Using relative gestational age, 
triplets had higher perinatal mortality rate than twins and singletons in all percentiles. 
Triplets, twins and singletons had different gestational age distributions at birth and a 
proportion of 10 % of triplets were born before 28 weeks. The mortality rate for triplets 
before this stage in pregnancy duration was 50%, but fell to 3.8% for 28 weeks and 
above.  
Perinatal mortality in triplets was calculated in relation to birthweight 
discordance and stratified by gestational age. When gestational duration was 28 weeks, 
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a weight discordance of 40% between the largest and smallest triplet had severe impact 
on mortality (RR 14.7; 6.7-32.2). 
Relative risk of perinatal death was marginally lower in ART twins compared to 
non-ART twins. We could not demostrate a similar effect for triplets. 
4.3 Perinatal mortality according to maternal birth characteristics  
 Perinatal mortality in twins was estimated with maternal birth characteristics as 
exposure (Paper 3). In the study population of 9,426 mother-and-twin pairs, 3.7% of the 
mothers were preterm born. Mothers born at 27-31 weeks had four times higher relative 
risk of losing one or both of her twins compared to term born mothers (RR 3.82; 1.56-
9.36). There was a linear trend between maternal gestational age and perinatal mortality 
in twin offspring (test for deviation of linearity; 2 =0.3, 2df, P>0.5). 
Mothers born preterm and in need for ART treatment had the highest risk of a perinatal 
loss (RR 4.07; 2.13-7.78), with a significant interaction between the mothers gestational 
age and ART (p= 0.033). 
To separate the effect of intrauterine growth restriction from the effect of prematurity on 
the offspring perinatal mortality, we analysed term mothers in strata of birthweight-by-
gestational age z-scores. Mothers born with z-score 1-2 had the most favourable 
outcome, while serious growth retarded mothers (z <-2) experienced the highest 
mortality in twin offspring.  
Relative risk of a perinatal loss was higher in all preterm gestational age categories for 
mothers who delivered twins compared to singletons, with a significant interaction 
between maternal gestational age and plurality (p=0.003). Similarly, the effect of 
maternal birthweight (Z-scores) in term mothers interacted significantly with plurality 
(p= 0.024). 
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5. Discussion
5.1 Methodological considerations 
The present studies have methodological strengths and limitations. This section will 
discuss to what extent the limitations may have influenced the findings in the thesis.  
Validity and precision are key concepts in this evaluation. Validity means the absence of 
systematic errors, and it is divided into internal and external validity. Internal validity is 
divided into selection bias, information bias and confounding. External validity refers to 
whether the results can be generalized to other populations. Precision means the absence 
of random errors. The best way to assure high precision is to increase the study sample 
size.109 110 
The study design: The present three studies were all historic cohort studies. Norway has 
a stable population with little emigration,111 and the cohorts used in the papers were 
drawn from population based compulsory registries with a negligible problem of loss to 
follow-up. Twin- and triplet-pregnancies are rare events, and the present cohort design 
was therefore the best way to obtain valid and precise estimates because of the large 
sample size. In paper 3, however, there was a selection of the source population by 
design since only those who had reproduced were included in the second generation. 
Validity: Since the source population used in the present studies is nation-wide and the 
birth registry is compulsory, selection bias is unlikely for the main exposures in all the 
three papers. The knowledge about adverse perinatal outcome could impossibly 
influence the plurality. Our main outcome in Paper 2 and 3 was perinatal mortality, and 
a follow-up time of only one week after birth secured a low dropout rate. However, in 
Paper 3, the follow-up time of the included index mothers was inadequate. The mothers 
were born during 1967-1990, and only the oldest cohort of the mothers had completed 
their reproduction, while the youngest had just started family building. 
In Paper 3, we excluded mothers who themselves were born as twins. Recurrence of 
twinning itself is complicating the data and our interpretations. We know that twins on 
average are born earlier and are smaller for gestational age than singletons. Individuals 
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born as multiples must be biologically different either by the unique intrauterine 
experience or genetically, possibly through fetal programming.112 Twin mothers 
paradoxically have offspring as large as singleton mothers even though they are smaller 
at birth.113 114 To avoid selection bias, we found it most correct to exclude these mothers 
from the study population. However, we repeated the analyses of perinatal mortality by 
maternal gestational age (Paper 3, Table 2) and maternal birthweight-by-gestational age 
(Paper 3, Table 4) in twin offspring with all mothers included. There was a small 
reduction in the risk of perinatal mortality in the most preterm category, indicating that 
twin mothers born preterm had a slightly more favourable outcome. In the analyses of 
birthweight-by-gestational age, the inclusion of twin mothers to the mothers under 
exposure had no effect on the results.  
Information bias: Bias is systematic error that results from incorrect measurement or 
classification of the exposure or outcome.110 The ART registry reports only ART 
pregnancies from treatment conducted at fertility clinics in Norway. However, infertile 
Norwegian couples also receive ART treatment abroad, most frequently in Denmark and 
Sweden. Through contact with 12 infertility clinics in Denmark and Sweden, we found 
less than 40 ART twin pregnancies after treatment abroad yearly in the period 1988-
2004. Excluding these pregnancies, the spontaneous twinning rate was marginally 
lower. In Paper 2, we estimated 3-4 ART triplet pregnancies conceived abroad yearly, 
about 10% of the total. Consequently, the incidence rate of non-ART and ART triplets 
might be biased. Perinatal outcomes were, however, similar for non-ART and ART 
triplets and were not affected by information bias.                
Gestational age is an important variable in perinatal epidemiology. In the MBRN, the 
gestational age estimation was based on the last menstrual period (LMP). From 1999, 
ultrasonographic gestational age estimations were reported in addition. In ART 
pregnancies, the day of embryo transfer was used to calculate the length of gestation. In 
Paper 2 and 3, we used LMP for gestational age estimations and the ultrasonographic 
findings only if LMP was missing (2.5%). This was done to avoid the implications of 
changing from one method to another. The validity of the gestational age registered in 
the birth register has been assessed, and was considered to be 90-98% satisfactory.115 
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Hence, information bias caused by different methods of estimating length of gestation is 
not likely.  
Records with obviously misclassified gestational age were also excluded in Paper 2 and 
3, based on birthweight by gestational age Z-scores above 4 and 5, respectively.  
The registration of twins and triplets in sibship data files has some challenges. Twin 
pairs and triplet sets are linked, but they do not necessarily have the same gestational 
age. In some cases, intrauterine death in one of the fetuses has occurred early in the 
pregnancy, and the surviving twin is delivered at a later date. Some of these births are 
classified as a multiple births, but only one birth record exists. In our data, we had more 
twin individuals than twin pairs, but due to the large sample size, this sort of bias was 
not believed to distort the results in our study. Most pregnancies with vanishing twins 
are classified as single birth, because the demise of the fetus happened at a very early 
stage. The true incidence of vanishing twin is difficult to assess. Anyway, in a review 
from 1996, it was suggested that if two embryos are seen in the first trimester, the loss 
rate is 7.3% of spontaneous conceptions.116  
 In the present thesis, we tested the effect of potential confounders as maternal age and 
time periods by adjustments in logistic regression models and by stratification.  
Confounding: Confounding is defined as confusion of effects, implying that the effect of 
the exposure variable is mixed with the influence of another variable.110 In Paper 1 and 
2, the use of fertility enhancing drugs was considered as an important confounder for the 
spontaneous twin- and triplet rate. The use of clomiphene citrat and gonadotrophins for 
ovulation induction was not registered in MBRN or elsewhere. We were not able to 
evaluate its effect on the results, and therefore we introduced the concepts “non-ART 
pregnancies” and “ART pregnancies”.  
In Paper 1, the high impact of aging on the risk of twinning was considered to be a 
confounder. Thus, we stratified the multiple pregnancy rates by maternal age. In Paper 
2, we adjusted for maternal age in five age categories and time periods.  
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In Paper 2 and 3, the differences in the outcome from spontaneous conceptions and 
ART pregnancies were compared. Gestational age and birthweight was lower for ART 
pregnancies in all the three plurality categories and might explain some of the higher 
risk of perinatal mortality in ART pregnancies since preterm birth is the main reason for 
perinatal mortality.17 78 Higher level of anxiety and concern during pregnancy, among 
both the infertile couple and the physician, might lead to more frequent doctor visits and 
consequently a more active and earlier intervention in ART pregnancies. We suggest 
that iatrogen induction of delivery is a confounder to the lower gestational age in ART 
multiples. 
In Paper 3, characteristics of the grandmother as age, parity and socio-economic 
conditions were evaluated as confounders for the outcome of her grandchildren. 
However, adjustments did not change the results, and we decided to present the crude 
values. The parity of the index mother had an independent effect on the outcome of her 
twin pregnancy, but was not associated with her own gestational age and was therefore 
not considered to be a confounder in Paper 3.117  
The causes for reduction in perinatal mortality may be due to improvements in clinical 
treatment or simply a result of secular changes with better nutrition, better economy and 
in general better health care in the population. To quantify the effects from the different 
sources is difficult.  
Effect modifications: In Paper 1, there was an interaction between maternal age and time 
period after excluding ART pregnancies. In other words, the association of the 
increasing multiple rates by age was significantly stronger in the last time period. A 
possible explanation is the trend in the last period to delay birth of first child to ages 
where the risk of spontaneous conception with twins is higher.41 57 
In Paper 3, the cause behind the effect modification of ART and preterm born mothers 
to perinatal mortality in twin offspring is not obvious. ART twin pregnancies are mostly 
DZ, and one should expect more favourable outcome compared to spontaneous twinning 
which is a mixture of MZ and DZ. However, the adverse effect of the underlying 
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infertility itself might have contributed more strongly than zygosity to the outcome of 
these ART pregnancies.  
The interaction between perinatal mortality in offspring, maternal birth characteristics 
and plurality is biological plausible because of the larger demand in a twin pregnancy 
compared to a single pregnancy.  
Generalisability: The data in this thesis came from a compulsory register from a 
nationwide population and selection bias and skewness is unlikely. The twinning rates 
vary among populations throughout the world and both genetic and environmental 
factors are involved in addition to different use and practise of assisted reproduction. 
The results concerning incidence rates for twins and triplets in Papers 1 and 2 are 
therefore most likely to be valid only for western countries since socio-economic 
conditions, urbanisation, nutrition, health care and the availability of ART are almost 
similar in these countries. Perinatal outcome of preterm infants are also dependent on 
the level of obstetrics and neonatal medical care in addition to the general living 
standard. Our results are therefore limited to populations with the same health care 
standards.  
The findings that perinatal outcome in a twin pregnancy is dependent on the mothers 
birth characteristics is probably of a more biological origin, and can be generalised to 
other populations.  
 Presision: Due to the enormous amount of data in MBRN, the precision was high in 
most analysis in all three papers in this thesis. However, in Paper 3, we had few cases of 
mothers in the very preterm category, but the results of mortality in the twin offspring 
from these mothers are robust and justified in tests of linearity. In Paper 2, we had too 
few cases to study gestational age specific perinatal mortality of triplets after 
stratification by ART and non-ART conceptions. Since the registry was nationwide, it 
was impossible to increase the sample size without linking similar registries from the 
other Scandinavian countries. Such collaboration has started recently.  
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5.2 Discussion of specific results and comparison with other studies 
Rising twin birth rates is not unique for Norway. Denmark has observed a 2.4 fold 
increase118 and Sweden a 1.7 fold increase in the same time period.119 This is partly 
explained by the liberal access to infertility treatment and includes both ART and other 
hormonal stimulation of the ovaries. In our data, there was still a significant increase 
after excluding ART twin pregnancies. We think this is partly due to a rising use of 
hormonal ovarian stimulation, but also to advancing maternal age in the population. We 
have now extended the time period in Figure 1, Paper 1 to cover five more years (2005-
09). The spontaneous twin birth rate continues to increase, while the total incidence 
declines. The latter is probably due to the implementation of single embryo policy in 
ART (Figure 5). 
                                *Triplet pregnancies excluded 
and mothers with missing personal identification numbers were included.  
Figure 5. Twin birth rates by year of birth, Norway, 1967-2009. All twin births and births 
restricted to natural conception.
 
In the same way, the incidence of triplets in Norway was more than three-fold in the 
time period 1988-2000 compared with the previous twenty-year period, mostly due to 
insertion of three embryos in ART treatment.120 Guidelines for number of embryos 
  
39
39
transferred were changed in Norway like most European countries around the turn of the 
century,53 and explain the decline in the triplet rate from 2000 onwards. These findings 
have parallels in the international literature in countries were ART treatment is 
available.49 121 However, excluding pregnancies from ART, the incidence rate of non-
ART triplet pregnancies was still more than doubled during the forty year period 1967-
2002. So, even if the number of embryos can be strictly controlled in ART treatment, 
increased use of fertility enhancing drugs might probably further contribute to the rise of 
twins- and triplet rates. 
In Paper 3, we found that the prevalence of twin pregnancies in our study population 
was independent of the mother’s gestational age, but increased with maternal 
birthweight and birthweight-by-gestational age z-scores. The findings are in accordance 
with a study using the Danish National Birth Cohort (1996-2002), in which twinning 
were used as a marker of fecundity. The authors reported more than a doubling in the 
twin birth rate if the mother was born at term, had a birthweight herself > 4.500 gram 
and a pre-pregnancy body mass index of <25 kg/m2.122 In our study, we were not able to 
evaluate the effect of body mass index.  
Maternal age is one of the most important factors influencing the twinning rate with a 
higher risk of twins with advancing age.41 57 The rise of the twinning rate up to maternal 
age 38-39 years was most pronounced in the last time period, with a significant 
interaction between maternal age and time period (p= 0.003). The increase in the mean 
maternal age during the study period indicates that women in a modern Nordic society 
postpone having their children to a later stage in life. Hence, the shift in maternal age 
distribution explains the enhanced risk of twinning by advancing maternal age in the last 
time period. Other studies support these findings.11 41 The paradox that twinning rates 
are increasing while fecundity is declining by maternal age, is explained with impaired 
feedback control from the aging ovary to the pituitary gland. The rising concentrations 
of the follicle stimulating hormone FSH by age will lead to multifollicular development 
and subsequent ovulation of two or more oocytes.11 57 58  
  
40
40
The likelihood of achieving a twin pregnancy in the ART cohort declined from 
31% in the age group 25-29 years to 12% at ages 40-42, although two embryos were 
transferred if available. This finding underlines the nature of infertility itself, with 
higher frequency of poor oocyte quality and impaired uterine implantation rate, 
occurring at an earlier stage among infertile women. A Danish study estimated that one 
in 10 ART-singleton deliveries originates from a twin pregnancy in which one twin had 
died after week 8 of gestation (“vanishing twin”).123 The study population was from 
1995-2001 when double embryo transfer was standard. The high frequency of vanishing 
twins underlines the high risk of a fetal loss in ART pregnancies.  
The impact of parity on the twinning rate is discussed by several authors. Allen et al. 
proposed that women who conceived with twins were more fertile, and the higher risk 
of twinning with increasing parity did follow as a consequence.60 Others think that the 
association of parity and twinning rates is strongly confounded by maternal age. These 
authors investigated data from the period 1951-83, when large families were still 
relatively common.5 We wanted to clarify the parity effect in our study, and stratified 
the time trend analysis of incidence by maternal age into primipara (first pregnancy) and 
para 1+ (subsequent pregnancies in the same woman). The strong increase in twin births 
in the last period in women 30-40 years occurred among primiparae. These data are now 
presented in Figure 6. The finding is in accordance with the combination of a general 
postponing of childbearing, declining fertility by age and excess use of ovulating 
inducing drugs in this age group.                 
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Figure 6. Twin birth rate by maternal age and main study periods excluding assisted 
reproductive technology (ART). Left panel: 1st pregnancies. Right panel:2nd and subsequent 
pregnancies.    
 
We were able to quantify the number of twin births from hormonal stimulation 
combined with assisted insemination by husband (AIH) or donor (AID). These 
treatments and pregnancies are nominally, compulsory reported to the Directorate of 
Health and Social Affairs.124 Nine twin births after AIH/AID were reported in Norway 
in 2008. In other studies, it is estimated that 17-32% of non-ART twins are born after 
fertility enhancing therapies with or without inseminations.125 126  
Most of the rise in the twin birth rates is caused by DZ twins.11 By using 
Weinberg’s method,106 we found a small increase in the risk of DZ twinning in the non-
ART twin pregnancies (Paper 1). During the period 1990-2004, the number of ART 
twins to the total twin birth rate was considerable (25%). The accepted knowledge that 
one third of twin pregnancies in a population were MZ and two third were DZ 5-7 was 
shifted towards a higher proportion of DZ twins. DZ pregnancies have fewer 
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complications than do MZ, and the described shift might have biased our results of 
improvement in perinatal mortality for all twins.  
In our study, the individual birthweight-by-gestational age of triplets was similar to 
twins until 32nd weeks of gestation, but fell below singletons from week 28. 
Physiological adaption to the limited uterine capacity is one reason for the blunted 
growth curve, but intrauterine growth restriction as a result of competition for nutrients 
is also important for the lower birthweight-by-gestational ages. After prematurity, fetal 
growth restriction is the most important contributor to perinatal mortality in triplet 
pregnancies.17 127 We found that birthweight discordance within a triplet set had less 
impact on perinatal mortality when gestational age was 22-27 weeks compared to  28 
weeks, probably because of the overall high mortality rate in these extremely preterm 
infants. When gestational age passed 27 weeks, birthweight discordance 40% 
represented a high risk of death for the smallest fetus. It would have been correct to 
adjust for chorionisity in these analyses, but data were lacking.  
Perinatal mortality in multiples: In Paper 2, epidemiological aspects of triplet 
pregnancies were described with a special focus on perinatal mortality. No publications 
were previously based on this large database on triplets, except one study of birthweight 
percentiles in multiples covering the years 1967-1995.128 Use of gestational-age-specific 
mortality rates showed that triplets had lower mortality than singletons and twins from 
the lowest gestational age categories up to 32-34 weeks, while the overall relative risk 
of perinatal mortality for all triplets was ten times higher than for all singletons. The 
same mortality curve pattern was shown in a study from the Swedish Medical Birth 
Registry, covering the years 1982-1995.129 This usual approach represents a biased 
relation since only a small number of singletons are born preterm, including highly 
selected and vulnerable infants. When we used relative gestational ages based on the 
distribution of gestational ages at birth in percentiles, triplets had a higher perinatal 
mortality than twins and singletons in all percentiles of gestational age. This observation 
is in accordance with the overall mortality results and clinical experience. We found a 
markedly better survival for triplets after the 28th week of gestation, corresponding to 
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the 10th percentile (from 50% to 97% survival), and we suggest this gestational age as a 
relative preterm definition in triplets instead of the traditional 37 weeks. 
Another strategy to calculate the risk of perinatal mortality in multiples would have 
been to use the “fetuses-at-risk” approach were stillbirths and deaths within the first 
week of life should be reported separately.130 131 In the “fetuses at risk” model, the 
denominator in the calculation of risks is the number of ongoing pregnancies, i.e. the 
undelivered.132 In recent years, this approach is suggested to be superior to the 
traditional stratification on gestational age-specific perinatal mortality with all live 
births and stillbirths as denominator. Proponents argue that the etiology of stillbirths and 
early neonatal death has changed, because of fewer early neonatal deaths caused by 
asphyxia and advances in neonatal medicine. In addition, the classification of stillbirths 
versus livebirths in the extremely preterm was more inaccurate in the past and differed 
temporarily and geographically, which justified the combined category “perinatal 
mortality”.130 Some believe that the hazard of perinatal mortality (the instantaneous risk) 
at each gestational age is more realistic obtained when derived from a denominator 
consisting of all individuals at risk of a given outcome. Applying this approach leads to 
the conclusion that mortality rates increase steadily with advancing gestational age 
especially after week 34-35. Using gestational age-specific stillbirths as nominator and 
all undelivered fetuses as denominator are indicators of short-time risk only.133  
It has not been a tradition in publications from MBRN to use the “fetuses-at-risk” 
approach in perinatal mortality issues.134-136 One exception is a recently published study 
with recurrence of stillbirth as the main focus.137 In our study (Paper 2 and 3), we found 
it most appropriate to use the conventional definition of gestational age-specific 
mortality. Firstly, we used data from 1967 onwards, and the merged category “perinatal 
death” was a more reliable variable than division in stillbirth and early neonatal death 
for the first decades. Secondly, the “fetuses-at-risk” approch is based on singletons, and 
we studied risks of perinatal mortality in multiples. It is not clear if the same stillbirth 
risk measures can be used in multiple pregnancies with one stillbirth and one surviving 
co-twin. However, data were analysed according to “the fetuses-at-risk model”, and 
obtained in Figure 7.  
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Figure 7. Stillbirth per gestational week, singletons and twins. Norway.  
 
We found that although death rates have improved for singletons, twins and triplets in 
the past 40 years, the relative risk of perinatal mortality for triplets was still 10 times 
higher than for single births in the last time period (1988-2004) compared to the first 
(1967-1987). The delayed improvement in mortality for triplets may be a result of the 
higher proportion of very preterm births in addition to birthweight discordance. 16% of 
the triplet sets in our study population had severe forms of discordance (Paper 3, Table 
4), which is significantly associated with both stillbirth and deaths during the first days 
of living.17 138 Unfortunately, death causes were not routinely available in MBRN. 
Intergenerational effects on perinatal mortality in twins. The increased risk of perinatal 
death in twin offspring to mothers born preterm or growth retarded were higher for twin 
offspring than previously shown for singleton offspring.98 Perinatal mortality in twin 
offspring has not been evaluated in intergenerational studies previously, and our results 
add a novel adverse consequence of being born preterm or with impaired fetal growth. 
We were looking at possible causes to understand how maternal gestational age might 
affect perinatal mortality in twin offspring. Preterm delivery is the most important cause 
of perinatal death overall,139 and we already know that preterm mothers are at increased 
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risk of having preterm singleton offspring.91 To explore this further, the material of twin 
offspring were divided into preterm (36 weeks) and term born ( 37 weeks), and 
perinatal mortality was analysed by maternal gestational age. There was a four-fold 
higher risk of perinatal deaths in the preterm twin offspring if the mother also was born 
preterm (27-31 weeks) compared to term (RR 3.7; 1.2-11.2). No such association was 
found when the twin offspring were born at term. 
The association of low gestational age and increased perinatal mortality in offspring 
could be genetic, but not necessarily. Being born preterm could also produce long-term 
physical defects with impaired development and function of the reproductive organs.140 
141 The defect will be revealed more clearly in a twin pregnancy because of the higher 
physical demand in such gestations. In contrast, women exposed to intrauterine growth 
restriction might have an increased risk of epigenetic modulations with persistent 
change in genetic expression, and the intergenerational association is more likely to be 
transmitted by genes.142 The consequences of birth characteristics in one generation with 
unfavourable perinatal outcome in the next generation are probably caused by 
heterogeneity of unknown risk factors. The effect-modification of ART on twin 
offspring mortality in the preterm born mothers can only be a part of this picture.  
A genuine new finding was that women delivered at term, but with low birthweight-by-
gestational age, experienced increased perinatal mortality among their twin offspring 
compared to women with more optimal weight-by-gestation. Intrauterine growth 
restriction is associated with increased risk of developing adult onset disease, such as 
type 2 diabetes, renal insufficiency, cardiovascular disease and fatty liver.142 The 
mechanism behind this life course approach is so far poorly understood. Because of “the 
brain-sparing effect”, other organs than the brain, myocardium and adrenal glands will 
be hypoperfused in situations with chronic hypoxia. The subsequent long-term 
consequences of deficient development of the uterus and ovaries in fetal life are 
unknown.143 Also, it has been suggested that intrauterine growth restriction interrupts 
developmental processes and may produce persistent changes in gene expressions. Such 
epigenetic modulations may play important roles for a woman’s ability to meet the 
increased physiological demands of a twin pregnancy. 
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It has previously been suggested that pregnancy is a physiological stress-test that reveals 
latent chronic disease.140 144 The Barker hypothesis indicates that an individual’s 
birthweight is associated with cardiovascular disease in later life. Pregnancy 
complications as preeclampsia and gestational diabetes are also highly associated with 
cardiovascular disease.145 146 These studies lead to the idea that a woman predisposed to 
cardiovascular disease because of unfavourable birth characteristics are probably more 
exposed to pregnancy complications and subsequent adverse perinatal outcome of her 
twin offspring. Because the index mothers are born 1967-1990, the incidence of 
cardiovascular disease is still expected to be low, but studies on this endpoint will be 
conducted in the future.  
The impact of ART: ART pregnancies have been associated with higher risk of 
pregnancy complications and adverse perinatal outcomes compared to naturally 
conceived pregnancies. Several systematic reviews have been published comparing 
singletons77 78 147 and twins.47 78 86 118 The reviews indicate around two-fold increase in 
risk of perinatal mortality in ART singletons compared with singletons conceived 
spontaneously.77 The results for comparison of twins by mode of conception are more 
conflicting. Some studies are confounded by zygosity, and the relative risk of adverse 
outcome in ART twins will be reduced because of the low proportion of MZ twins. In a 
recent study from Australia,86 ART twins were compared with unlike-sex twins from 
spontaneous conception in an effort to compare groups of homogenous zygosity. The 
ART twins had doubled risk of preterm birth, low birthweight and perinatal death (RR 
2.2; 1.1-4.6). On the other hand, Pinborg et al. did not observe any effect on perinatal 
outcome when they restricted their analyses to unlike sex twins.118 In Paper 2, outcome 
of twins pregnancies were compared according to mode of conception. ART twins had 
lower risk of perinatal mortality compared to non-ART twins in the period 1988-2006, 
similar as other studies.78 81 We have now, in retrospect, dichotomized spontaneously 
conceived twin pairs in same and unlike sex, and repeated the analyses of perinatal 
mortality risk for these subgroups (Table 1). Relative risk for a perinatal loss was 1.33 
(1.05-1.69) in ART twins compared to unlike sex non-ART twins. These results are 
more consistent with the observation that infertility itself is an independent risk factor 
for adverse pregnancy outcome as seen in ART singletons.  
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Recent research suggests that some of the problems with adverse pregnancy outcome in 
ART pregnancies are related to biological factors and consequences of being infertile.79 
In addition, efforts have been made to identify possible iatrogenic effects on the children 
conceived by the use of in vitro technologies. The influence of the procedure itself, such 
as the culture medium and the ovulation hyperstimulation on fetal growth and 
development, has been an ongoing debate. A major topic is disturbed genomic 
imprinting.148 Beckwith–Wiedemann syndrome is an overgrowth disorder present at 
birth, characterized by a large tongue, abdominal wall defect and increased growth. The 
incidence is 1/ 15,000 births. Children conceived through ART have a three- to four-
fold increased chance of developing Beckwith–Wiedemann syndrome.149 The epigenetic 
changes that underlie the syndrome are well defined, but other imprinting disorders that 
lead to low birthweight and IUGR have not been identified. Data from animal studies 
show direct links between ART procedures, DNA methylation and disruption of 
genomic imprinting.150 151 A project with data and blood samples from the Norwegian 
Mother and Child Cohort Study152 is now being planned to study the relationship 
between infertility, ART, birth outcomes and epigenetic variations. 
 
Table 1. Relative risk of perinatal mortality in A: like sex 
spontaneously conceived twins (All MZ+DZ) and B: ART twins 
(mostly DZ) with unlike sex spontaneously conceived twins (DZ) 
as reference.  
 
 Twin pairs Perinatal 
mortality 
  
A. Spontaneous: n n (%)  RR (95%CI) 
Unlike sex (DZ) 9094 149 (1.64)  1.00 (ref) 
Like sex (MZ+DZ) 19324 652 (3.37)  2.10 (1.75-2.51) 
Total 28418 801 (2.81)   
B. ART (DZ) 5856 127 (2.17)  1.33 (1.05-1.69) 
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The focus on safety aspects in the ART treatment and the complications associated with 
multiple pregnancies, have led to changes in the embryo transfer policy. In Scandinavia, 
single embryo transfer (SET) has now been the main rule during the last five years for 
the first and second treatment cycles if top-quality embryos are available. Combined 
with the transfer of frozen-thawed embryos, the cumulative pregnancy rate is 
acceptable.53 153-157 Evaluation of an infertility clinic’s quality is no longer only based on 
“pregnancy rate” but rather “one healthy child to term”. The twinning rate among ART-
pregnancies in Norway is reduced by two third in the time period 2003-2008, as the SET 
program gradually has been implemented.74  
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6. Conclusions
The twin birth rate in Norway has increased significantly in all age groups during the 
last four decades. Advancing maternal age and frequent use of ART cannot alone 
explain this increase, and excess use of ovulation stimulating drugs may be additive. 
The triplet rate rises almost three-fold in the nineties, but declines in this century 
probably due to reduction in numbers of embryo transferred in ART-treatment. 
However, the spontaneous triplet rate has more than doubled during the last twenty-five 
years probably also because of ovulation stimulating drugs. The perinatal mortality has 
improved considerably during the study period, but is still ten-fold more frequent in 
triplets and four times more frequent in twins compared to singletons during the last 
twenty years. A proportion of 10% of the triplets are born before gestational week 28 
and these very preterm births partly explain the poorer outcome in triplets. The perinatal 
mortality is similar in ART and non-ART triplets. In twins, the mortality is marginally 
higher for non-ART compared to ART twins, zygosity unconsidered.  
There is a significantly higher risk of perinatal loss in twin offspring when the mother is 
born preterm or growth retarded herself, indicating that a woman’s birth characteristics 
reflects her reproductive capacity, especially in a twin pregnancy. Our results add new 
knowledge to the identification of risk factors and will improve the understanding of the 
biological mechanisms in multiple pregnancies. 
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7. Implications and future research 
7.1 Prevention of multiple pregnancies
Multiple pregnancies are considered to be a rare, but a natural variant in human 
reproduction, and our research has contributed to increased knowledge about incidence 
and perinatal outcome of such pregnancies. The general improvement in neonatal 
medicine has not included multiples to the same extent as singletons, and the increasing 
twin birth rate should be an important concern in health care and policy. Thus, decisions 
in order to limit the occurrence of multiple pregnancies will be beneficial not only for 
the individual, but also in a health economic perspective. Due to implementation of SET 
in ART treatment, the contribution of twin pregnancies from ART is already 
considerably lowered, and will probably continue to fall. The use of hormonal drugs for 
ovulation induction and the following multiple pregnancies should be monitored more 
carefully and registered in birth records and health registries. 
7.2 Improving the outcome 
We have identified different categories of multiple pregnancies with especially high risk 
profiles of poor outcomes. A main implication of this thesis should therefore be 
implementation of national standardized protocols for monitoring the high risk groups:  
a) Triplet pregnancies 
b) Twin pregnancies where the mother was preterm or growth-retarded herself at 
birth 
 
Standardized protocols should include distinct criteria on the frequency and content of 
the controls and that they should take place in central hospitals. The protocols should 
also clearly include criteria for when additional diagnostic examinations should be 
performed and when intervention with delivery induction or cesarean section is 
necessary. Parameters associated with unfavourable outcomes should be searched for. 
Research aiming to identify predictive factors that contribute to preterm births should be 
given high priority and will be valuable not only for the child at risk, but also through 
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generations. New predictors believed to detect women with multiple pregnancies at risk 
of preterm delivery include ultrasonographic measurements of cervical length and 
cervicovaginal fetal fibronectin.20 158 Introduction of these parameters in pregnancy 
monitoring should be considered. Overweight and obese women have increased risks of 
preterm birth, and maternal body mass index at the start of pregnancy should also be 
noted in the MBRN.159  
Because pregnancy outcomes are less favourable in MZ twins than DZ twins, 
determination of zygosity by sonography in early pregnancy (before 12th week) would 
be of value. Decisions of zygosity with DNA tests on like sex twin-pairs at birth might 
also be introduced and clinical relevance evaluated. 
7.3 Future perspectives 
Our focus during this work has been different aspects of multiple pregnancies limited to 
the data available in MBRN. Follow-up studies on long-term outcome in multiples 
require linkage to other datasources like the Mother and Child Cohort Study152 and the 
Cause of Death Registry.160 Rare events as congenital malformations in multiples, 
childhood cancer and safety aspects of ART children should be searched for in larger 
databases like the Nordic collaboration already initiated: The Committee on Nordic 
Assisted Reproductive Technology and Safety (ConARTAS). 
Intergenerational associations give rise to ideas about shared genetic causes, but also 
that medical decisions and treatments, lifestyle and socio-economic positions in our time 
will influence health through generations.  
 
 
  
52
52
Sources of data:
 
1. Benirschke K, Kim CK. Multiple pregnancy. 1. N Engl J Med 1973;288(24):1276-84. 
2. Ayres A, Johnson TR. Management of multiple pregnancy: labor and delivery. Obstet 
Gynecol Surv 2005;60(8):550-4. 
3. Khan KS, Jayaram P, Fox C, Kilby MD. Systematic reviews of research on multiple 
pregnancy: an overview of their quality and a guide to methods In: Kilby M, 
Baker P, Critchley H, Field D, editors. Multiple Pregnancy. London: RCOG 
Press 2006:255-65. 
4. Wilcox AJ. Twins and more. In: Wilcox AJ, editor. Fertility and pregnancy. An 
Epidemiologic Perspective. New York: Oxford University Press, 2010:183-191. 
5. MacGillivray I, Samphier M, Little J. Factors affecting twinning. In: MacGillivray I, 
Campell DM, Thompson B, editors. Twinning and twins. Chichester: John 
Wiley&Sons, 1988:67-92. 
6. Bulmer MG. The Biology of Twinning in Man. Oxford:Clarendon Press 1970. 
7. Hall JG. Twinning. Lancet 2003;362(9385):735-43. 
8. Kiely JL, Kiely M. Epidemiological trends in multiple births in the United States, 
1971-1998. Twin Res 2001;4(3):131-3. 
9. Murphy M, Hey K. Twinning rates. Lancet 1997;349(9062):1398-9. 
10. Imaizumi Y. A comparative study of zygotic twinning and triplet rates in eight 
countries, 1972-1999. J Biosoc Sci 2003;35(2):287-302. 
11. Hoekstra C, Zhao ZZ, Lambalk CB, Willemsen G, Martin NG, Boomsma DI, et al. 
Dizygotic twinning. Hum Reprod Update 2008;14(1):37-47. 
12. Carlin A, Neilson JP. Twin clinics: a model for antenatal care in multiple gestations. 
In: Kilby M, Baker P, Critchley H, Field D, editors. Multiple Pregnancy London: 
RCOG Press, 2006:121-138. 
13. Long PA, Oats JN. Preeclampsia in twin pregnancy--severity and pathogenesis. Aust
N Z J Obstet Gynaecol 1987;27(1):1-5. 
14. Duckitt K, Harrington D. Risk factors for pre-eclampsia at antenatal booking: 
systematic review of controlled studies. BMJ 2005;330(7491):565. 
15. Chauhan SP, Scardo JA, Hayes E, Abuhamad AZ, Berghella V. Twins: prevalence, 
problems, and preterm births. Am J Obstet Gynecol 2010;203(4):305-15. 
16. Croft ML, Morgan V, Read AW, Jablensky AS. Recorded pregnancy histories of the 
mothers of singletons and the mothers of twins: a longitudinal comparison. Twin 
Res Hum Genet 2010;13(6):595-603. 
17. Garite TJ, Clark RH, Elliott JP, Thorp JA. Twins and triplets: the effect of plurality 
and growth on neonatal outcome compared with singleton infants. Am J Obstet 
Gynecol 2004;191(3):700-7. 
18. Schieve LA, Meikle SF, Ferre C, Peterson HB, Jeng G, Wilcox LS. Low and very 
low birth weight in infants conceived with use of assisted reproductive 
technology. N Engl J Med 2002;346(10):731-7. 
19. Petterson B, Blair E, Watson L, Stanley F. Adverse outcome after multiple 
pregnancy. Baillieres Clin Obstet Gynaecol 1998;12(1):1-17. 
  
53
53
20. Stock S, Norman J. Preterm and term labour in multiple pregnancies. Semin Fetal 
Neonatal Med 2010;15(6):336-41. 
21. Melamed N, Ben-Haroush A, Pardo J, Chen R, Hadar E, Hod M, et al. Expectant 
management of preterm premature rupture of membranes: is it all about 
gestational age? Am J Obstet Gynecol 2011;204(1):48 e1-8. 
22. Madan I, Romero R, Kusanovic JP, Mittal P, Chaiworapongsa T, Dong Z, et al. The 
frequency and clinical significance of intra-amniotic infection and/or 
inflammation in women with placenta previa and vaginal bleeding: an 
unexpected observation. J Perinat Med 2010;38(3):275-9. 
23. Li SJ, Ford N, Meister K, Bodurtha J. Increased risk of birth defects among children 
from multiple births. Birth Defects Res A Clin Mol Teratol 2003;67(10):879-85. 
24. Windham GC, Bjerkedal T. Malformations in twins and their siblings, Norway, 
1967-79. Acta Genet Med Gemellol (Roma) 1984;33(1):87-95. 
25. Mastroiacovo P, Castilla EE, Arpino C, Botting B, Cocchi G, Goujard J, et al. 
Congenital malformations in twins: an international study. Am J Med Genet 
1999;83(2):117-24. 
26. Glinianaia SV, Rankin J, Wright C. Congenital anomalies in twins: a register-based 
study. Hum Reprod 2008;23(6):1306-11. 
27. Sebire NJ. Anomalous development in twins (including monozygotic duplication). 
In: Kilby M, Baker P, Critchley H, Field D, editors. Multiple Pregnancy London: 
RCOG Press, 2006:68-69. 
28. Chen CJ, Wang CJ, Yu MW, Lee TK. Perinatal mortality and prevalence of major 
congenital malformations of twins in Taipei city. Acta Genet Med Gemellol 
(Roma) 1992;41(2-3):197-203. 
29. Creasy RK, Resnik R. Maternal Fetal Medicine. Principles and Practice 
Philadelphia: WB Saunders, 1999. 
30. Timor-Tritsch IE, Monteagudo A, Rebarber A. Ultrasound evaluation of unusual 
triplet gestations. In: Keith LG, Blickstein I, editors. Triplet pregnancies and 
their consequences. New York: The Parthenon Publishing Group, 2002. 
31. Kato K, Fujiki K. Multiple births and congenital anomalies in Tokyo Metropolitan 
Hospitals, 1979-1990. Acta Genet Med Gemellol (Roma) 1992;41(4):253-9. 
32. Fisk NM, Duncombe GJ, Sullivan MH. The basic and clinical science of twin-twin 
transfusion syndrome. Placenta 2009;30(5):379-90. 
33. Lewi L. Monochorionic diamniotic twin pregnancies. Pregnancy outcome, risk 
stratification and lessons learnt from placental examination. Verh K Acad 
Geneeskd Belg 2010;72(1-2):5-15. 
34. Ong SS, Zamora J, Khan KS, Kilby MD. Prognosis for the co-twin following single-
twin death: a systematic review. BJOG 2006;113(9):992-8. 
35. Lopriore E, Deprest J, Slaghekke F, Oepkes D, Middeldorp JM, Vandenbussche FP, 
et al. Placental characteristics in monochorionic twins with and without twin 
anemia-polycythemia sequence. Obstet Gynecol 2008;112(4):753-8. 
36. Smith GC, Fleming KM, White IR. Birth order of twins and risk of perinatal death 
related to delivery in England, Northern Ireland, and Wales, 1994-2003: 
retrospective cohort study. BMJ 2007;334(7593):576. 
37. Smith GC. Perinatal death in twins. Author's reply on absolute risk. BMJ 
2007;334(7597):762. 
  
54
54
38. Akinboro A, Azeez MA, Bakare AA. Frequency of twinning in southwest Nigeria. 
Indian J Hum Genet 2008;14(2):41-7. 
39. Imaizumi Y. Trends of twinning rates in ten countries, 1972-1996. Acta Genet Med 
Gemellol (Roma) 1997;46(4):209-18. 
40. Kurinczuk JJ. Epidemiology of multiple pregnancy:changing effects of assisted 
conception. In: Kilby M, Baker P, Critchley H, Field D, editors. Multiple
Pregnancy London: RCOG Press, 2006:1-28. 
41. Fellmann J EA. Variations in the maternal effect on twinning rates:The Nordic 
experience. Twin Res Hum Genet 2005;8(5):515-23. 
42. Eriksson AW EM, Fellman JO. Retrospective studies on the twinning rate in 
Scandinavia. Acta Genet Med Gemellol (Roma) 1976(25):29-35. 
43. Wood R. Trends in multiple births, 1938-1995. Popul Trends 1997(87):29-35. 
44. Derom R, Orlebeke J, Eriksson A, et a. The epidemiology of multiple births in 
Europe. In: Keith LG, Papiernick E, Keith DM, Luke B, editors. Multiple
pregnancy, Epidemiology, Gestation and Perinatal outcome. New York: The 
Parthenon Publishing Group, 1995:145-62. 
45. Imaizumi Y. A comparative study of twinning and triplet rates in 17 countries, 
1972-1996. Acta Genet Med Gemellol (Roma) 1998;47(2):101-14. 
46. Westergaard T, Wohlfahrt J, Aaby P, Melbye M. Population based study of rates of 
multiple pregnancies in Denmark, 1980-94. BMJ 1997;314(7083):775-9. 
47. Pinborg A. IVF/ICSI twin pregnancies: risks and prevention. Hum Reprod Update 
2005;11(6):575-93. 
48. Division of Vital Statistics US. In: Services DoHaH, editor. Hyattsville, MD 20782, 
USA National Center for Health Statistics, Centers for Disease Control and 
Prevention  
49. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Kirmeyer S, et al. 
Births: final data for 2005. Natl Vital Stat Rep 2007;56(6):1-103. 
50. Ventura SJ, Abma JC, Mosher WD, Henshaw SK. Estimated pregnancy rates for the 
United States, 1990-2005: an update. Natl Vital Stat Rep 2009;58(4):1-14. 
51. Reynolds MA, Schieve LA, Martin JA, Jeng G, Macaluso M. Trends in multiple 
births conceived using assisted reproductive technology, United States, 1997-
2000. Pediatrics 2003;111(5 Part 2):1159-62. 
52. Keith LG. The frequency of triplet gestation. In: Keith LG, Blickstein I, editors. 
Triplet pregnancies and their consequences. New York: The Parthenon 
Publishing Group, 2002:p 4-7. 
53. Nyboe Andersen A, Goossens V, Bhattacharya S, Ferraretti AP, Kupka MS, de 
Mouzon J, et al. Assisted reproductive technology and intrauterine inseminations 
in Europe, 2005: results generated from European registers by ESHRE: ESHRE. 
The European IVF Monitoring Programme (EIM), for the European Society of 
Human Reproduction and Embryology (ESHRE). Hum Reprod 2009;24(6):1267-
87. 
54. Duncan J. On the comparative frequency of twin bearing in different pregnancies. 
Edinburgh Med J 1865;10:928-29. 
55. Bonnelykke B. Maternal age and parity as predictors of human twinning. Acta Genet 
Med Gemellol (Roma) 1990;39(3):329-34. 
56. http://mfr-nesstar.uib.no/mfr/. Bergen: The Norwegian Institute of Public Health. 
  
55
55
57. Beemsterboer SN, Homburg R, Gorter NA, Schats R, Hompes PG, Lambalk CB. 
The paradox of declining fertility but increasing twinning rates with advancing 
maternal age. Hum Reprod 2006;21(6):1531-2. 
58. Klein NA, Battaglia DE, Fujimoto VY, Davis GS, Bremner WJ, Soules MR. 
Reproductive aging: accelerated ovarian follicular development associated with a 
monotropic follicle-stimulating hormone rise in normal older women. J Clin 
Endocrinol Metab 1996;81(3):1038-45. 
59. de Koning CH, Schoemaker J, Lambalk CB. Estimation of the follicle-stimulating 
hormone (FSH) threshold for initiating the final stages of follicular development 
in women with elevated FSH levels in the early follicular phase. Fertil Steril 
2004;82(3):650-3. 
60. Allen GS, J. Do conception delays explain some changes in twinning rates? Acta
Genet Med Gemellol (Roma) 1970;19:30-4. 
61. MacGillivray I SM, Little J. Factors affecting twinning. In: MacGillivray,Campell 
DM,Thompson B,ed. In:Twinning and twins. 1988(Chichester:John 
Wiley&Sons):67-92. 
62. Basso O, Christensen K, Olsen J. Fecundity and twinning. A study within the 
Danish National Birth Cohort. Hum Reprod 2004;19(10):2222-6. 
63. Zhu JL, Basso O, Obel C, Christensen K, Olsen J. Infertility, infertility treatment 
and twinning: the Danish National Birth Cohort. Hum Reprod 2007;22(4):1086-
90. 
64. http://www.ssb.no/aarbok/tab/tab-068.htlm. Oslo: Statistics Norway. 
65. Steinman G. Mechanisms of twinning: VII. Effect of diet and heredity on the human 
twinning rate. J Reprod Med 2006;51(5):405-10. 
66. Magnus P, Irgens LM, Haug K, Nystad W, Skjaerven R, Stoltenberg C. Cohort 
profile: the Norwegian Mother and Child Cohort Study (MoBa). Int J Epidemiol 
2006;35(5):1146-50. 
67. Nguyen RH, Wilcox AJ, Skjaerven R, Baird DD. Men's body mass index and 
infertility. Hum Reprod 2007;22(9):2488-93. 
68. Wise LA, Rothman KJ, Mikkelsen EM, Sorensen HT, Riis A, Hatch EE. An 
internet-based prospective study of body size and time-to-pregnancy. Hum
Reprod 2010;25(1):253-64. 
69. Baird DT, Collins J, Egozcue J, Evers LH, Gianaroli L, Leridon H, et al. Fertility 
and ageing. Hum Reprod Update 2005;11(3):261-76. 
70. Dunson DB, Baird DD, Colombo B. Increased infertility with age in men and 
women. Obstet Gynecol 2004;103(1):51-6. 
71. Augood C, Duckitt K, Templeton AA. Smoking and female infertility: a systematic 
review and meta-analysis. Hum Reprod 1998;13(6):1532-9. 
72. Schmidt L. Social and psychological consequences of infertility and assisted 
reproduction - what are the research priorities? Hum Fertil (Camb) 
2009;12(1):14-20. 
73. Gunnell DJ, Ewings P. Infertility prevalence, needs assessment and purchasing. J
Public Health Med 1994;16(1):29-35. 
74. http://www.shdir.no/bio_genteknologi/. Oslo: The Directorate for Social and Health 
Affairs. 
  
56
56
75. Steptoe PC, Edwards RG. Birth after the reimplantation of a human embryo. Lancet 
1978;2(8085):366. 
76. Nygren KG. ICMART (the International Committee Monitoring ART). Personal
Communication, 2011. 
77. Bower C, Hansen M. Assisted reproductive technologies and birth outcomes: 
overview of recent systematic reviews. Reprod Fertil Dev 2005;17(3):329-33. 
78. Helmerhorst FM, Perquin DA, Donker D, Keirse MJ. Perinatal outcome of 
singletons and twins after assisted conception: a systematic review of controlled 
studies. BMJ 2004;328(7434):261. 
79. Romundstad LB, Romundstad PR, Sunde A, von During V, Skjaerven R, Gunnell D, 
et al. Effects of technology or maternal factors on perinatal outcome after 
assisted fertilisation: a population-based cohort study. Lancet 
2008;372(9640):737-43. 
80. Kapiteijn K, de Bruijn CS, de Boer E, de Craen AJ, Burger CW, van Leeuwen FE, et 
al. Does subfertility explain the risk of poor perinatal outcome after IVF and 
ovarian hyperstimulation? Hum Reprod 2006;21(12):3228-34. 
81. Lambalk CB, van Hooff M. Natural versus induced twinning and pregnancy 
outcome: a Dutch nationwide survey of primiparous dizygotic twin deliveries. 
Fertil Steril 2001;75(4):731-6. 
82. Koudstaal J, Bruinse HW, Helmerhorst FM, Vermeiden JP, Willemsen WN, Visser 
GH. Obstetric outcome of twin pregnancies after in-vitro fertilization: a matched 
control study in four Dutch university hospitals. Hum Reprod 2000;15(4):935-40. 
83. Moise J, Laor A, Armon Y, Gur I, Gale R. The outcome of twin pregnancies after 
IVF. Hum Reprod 1998;13(6):1702-5. 
84. Chow JS, Benson CB, Racowsky C, Doubilet PM, Ginsburg E. Frequency of a 
monochorionic pair in multiple gestations: relationship to mode of conception. J
Ultrasound Med 2001;20(7):757-60; quiz 761. 
85. Pinborg A, Loft A, Rasmussen S, Schmidt L, Langhoff-Roos J, Greisen G, et al. 
Neonatal outcome in a Danish national cohort of 3438 IVF/ICSI and 10,362 non-
IVF/ICSI twins born between 1995 and 2000. Hum Reprod 2004;19(2):435-41. 
86. Hansen M, Colvin L, Petterson B, Kurinczuk JJ, de Klerk N, Bower C. Twins born 
following assisted reproductive technology: perinatal outcome and admission to 
hospital. Hum Reprod 2009;24(9):2321-31. 
87. Barker DJ, editor. Mothers, babies, and disease in later life London: BMJ 
Publishing Group, 1994. 
88. Barker DJ. The origins of the developmental origins theory. J Intern Med 
2007;261(5):412-7. 
89. Barker DJ. Adult consequences of fetal growth restriction. Clin Obstet Gynecol 
2006;49(2):270-83. 
90. Rich-Edwards JW. Reproductive health as a sentinel of chronic disease in women. 
Womens Health (Lond Engl) 2009;5(2):101-5. 
91. Wilcox AJ, Skjaerven R, Lie RT. Familial patterns of preterm delivery: maternal 
and fetal contributions. Am J Epidemiol 2008;167(4):474-9. 
92. Roseboom T, de Rooij S, Painter R. The Dutch famine and its long-term 
consequences for adult health. Early Hum Dev 2006;82(8):485-91. 
  
57
57
93. Hackman E, Emanuel I, van Belle G, Daling J. Maternal birth weight and 
subsequent pregnancy outcome. JAMA 1983;250(15):2016-9. 
94. Lunde A, Melve KK, Gjessing HK, Skjaerven R, Irgens LM. Genetic and 
environmental influences on birth weight, birth length, head circumference, and 
gestational age by use of population-based parent-offspring data. Am J Epidemiol 
2007;165(7):734-41. 
95. Lie RT, Wilcox AJ, Skjaerven R. Maternal and paternal influences on length of 
pregnancy. Obstet Gynecol 2006;107(4):880-5. 
96. Little RE. Mother's and father's birthweight as predictors of infant birthweight. 
Paediatr Perinat Epidemiol 1987;1(1):19-31. 
97. Morley R, Moore VM, Dwyer T, Owens JA, Umstad MP, Carlin JB. Maternal 
birthweight and outcome of twin pregnancy. Paediatr Perinat Epidemiol 
2007;21(6):501-6. 
98. Nordtveit TI, Melve KK, Skjaerven R. Mothers' and fathers' birth characteristics and 
perinatal mortality in their offspring: a population-based cohort study. Paediatr
Perinat Epidemiol 2010;24(3):282-92. 
99. Skjaerven R, Wilcox AJ, Oyen N, Magnus P. Mothers' birth weight and survival of 
their offspring: population based study. BMJ 1997;314(7091):1376-80. 
100. Loos R, Derom C, Vlietinck R, Derom R. The East Flanders Prospective Twin 
Survey (Belgium): a population-based register. Twin Res 1998;1(4):167-75. 
101. Blickstein I. Does assisted reproduction technology, per se, increase the risk of 
preterm birth? BJOG 2006;113 Suppl 3:68-71. 
102. Blickstein I, Jacques DL, Keith LG. Total and individual triplet birth weights as a 
function of gestational age. Am J Obstet Gynecol 2002;186(6):1372-5. 
103. Pons JC, Charlemaine C, Dubreuil E, Papiernik E, Frydman R. Management and 
outcome of triplet pregnancy. Eur J Obstet Gynecol Reprod Biol 1998;76(2):131-
9. 
104. Irgens LM. The Medical Birth Registry of Norway. Epidemiological research and 
surveillance throughout 30 years. Acta Obstet Gynecol Scand 2000;79(6):435-9. 
105. Weinberg W. Beitrage zur Physiologie und Pathologie der Mehrlingsgeburthen 
beim Menschen. Arch Gesamte Physiol-Menschen Tiere 1902;88:346-430. 
106. Bulmer MG. Is Weinberg's method valid? Acta Genet Med Gemellol (Roma) 
1976;25:25-8. 
107. http://www.who.int. The prevention of perinatal mortality and morbidity: World 
Health Organisation 1970:1-60. 
108. Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by gestational age in 
Norway. Acta Obstet Gynecol Scand 2000;79(6):440-9. 
109. Hennekens CHB, J.E. Epidemiology in Medicine. 1987(Boston/Toronto: Little, 
Brown and Company). 
110. Rothman KJ,Greenland S, Lash TL, editors. Modern epidemiology. Third Ed. ed. 
Philadelphia: Lippincott Williams&Wilkins., 2008. 
111. http://www.ssb.no/innvutv/. Oslo: Statistics Norway. 
112. Blickstein I. Is it normal for multiples to be smaller than singletons? Best Pract Res 
Clin Obstet Gynaecol 2004;18(4):613-23. 
113. Emanuel I, Filakti H, Alberman E, Evans SJ. Intergenerational studies of human 
birthweight from the 1958 birth cohort. II. Do parents who were twins have 
  
58
58
babies as heavy as those born to singletons? Br J Obstet Gynaecol 
1992;99(10):836-40. 
114. Glinianaia SV, Magnus P, Skjaerven R, Bakketeig LS. The relationship between 
maternal birthweight and gestational age in twins and singletons and those of 
their offspring in Norway. Paediatr Perinat Epidemiol 1997;11(1):26-36. 
115. Gissler M, Louhiala P, Hemminki E. Nordic Medical Birth Registers in 
epidemiological research. Eur J Epidemiol 1997;13(2):169-75. 
116. Landy HJ, Keith LG. The vanishing twin: a review. Hum Reprod Update 
1998;4(2):177-83. 
117. Fleischer NL, Diez Roux AV. Using directed acyclic graphs to guide analyses of 
neighbourhood health effects: an introduction. J Epidemiol Community Health 
2008;62(9):842-6. 
118. Pinborg A, Loft A, Nyboe Andersen A. Neonatal outcome in a Danish national 
cohort of 8602 children born after in vitro fertilization or intracytoplasmic sperm 
injection: the role of twin pregnancy. Acta Obstet Gynecol Scand 
2004;83(11):1071-8. 
119. Eriksson AW, Fellman J. Demographic analysis of the variation in the rates of 
multiple maternities in Sweden since 1751. Hum Biol 2004;76(3):343-59. 
120. von During V, Maltau JM, Forsdahl F, Abyholm T, Kolvik R, Ertzeid G, et al. 
[Pregnancy, births and infants after in-vitro-fertilization in Norway, 1988-1991]. 
Tidsskr Nor Laegeforen 1995;115(17):2054-60. 
121. Gunby J. Assisted reproductive technologies (ART) in Canada: 2007 results from 
the Canadian ART Register. Fertility and sterility 2010. 
122. Nohr EA, Rasmussen S, Ramlau-Hansen CH, Olsen J. Twinning rates according to 
maternal birthweight. Twin Res Hum Genet 2009;12(6):591-7. 
123. Pinborg A, Lidegaard O, la Cour Freiesleben N, Andersen AN. Consequences of 
vanishing twins in IVF/ICSI pregnancies. Hum Reprod 2005;20(10):2821-9. 
124. The Directorate for Social and Health Affairs. Available on: 
http://www.shdir.no/bio_genteknologi/. Oslo. 
125. Pinborg A, Loft A, Schmidt L, Andersen AN. Attitudes of IVF/ICSI-twin mothers 
towards twins and single embryo transfer. Hum Reprod 2003;18(3):621-7. 
126. Jones HW, Jr. Iatrogenic multiple births: a 2003 checkup. Fertil Steril 
2007;87(3):453-5. 
127. Min SJ, Luke B, Min L, Misiunas R, Nugent C, Van de Ven C, et al. Birth weight 
references for triplets. Am J Obstet Gynecol 2004;191(3):809-14. 
128. Glinianaia SV, Skjaerven R, Magnus P. Birthweight percentiles by gestational age 
in multiple births. A population-based study of Norwegian twins and triplets. 
Acta Obstet Gynecol Scand 2000;79(6):450-8. 
129. Cheung YB, Yip P, Karlberg J. Mortality of twins and singletons by gestational 
age: a varying-coefficient approach. Am J Epidemiol 2000;152(12):1107-16. 
130. Kramer MS, Liu S, Luo Z, Yuan H, Platt RW, Joseph KS. Analysis of perinatal 
mortality and its components: time for a change? Am J Epidemiol 
2002;156(6):493-7. 
131. Joseph KS. Theory of obstetrics: an epidemiologic framework for justifying 
medically indicated early delivery. BMC Pregnancy Childbirth 2007;7:4. 
  
59
59
132. Yudkin PL, Wood L, Redman CW. Risk of unexplained stillbirth at different 
gestational ages. Lancet 1987;1(8543):1192-4. 
133. Cheung YB. On the definition of gestational-age-specific mortality. Am J 
Epidemiol 2004;160(3):207-10. 
134. Moster D, Lie RT, Markestad T. Long-term medical and social consequences of 
preterm birth. N Engl J Med 2008;359(3):262-73. 
135. Swamy GK, Ostbye T, Skjaerven R. Association of preterm birth with long-term 
survival, reproduction, and next-generation preterm birth. JAMA 
2008;299(12):1429-36. 
136. Melve KK, Skjaerven R. Birthweight and perinatal mortality: paradoxes, social 
class, and sibling dependencies. Int J Epidemiol 2003;32(4):625-32. 
137. Melve KK, Skjaerven R, Rasmussen S, Irgens LM. Recurrence of stillbirth in 
sibships: Population-based cohort study. Am J Epidemiol 2010;172(10):1123-30. 
138. Bagchi S, Salihu HM. Birth weight discordance in multiple gestations: occurrence 
and outcomes. J Obstet Gynaecol 2006;26(4):291-6. 
139. Mathews TJ, MacDorman MF. Infant mortality statistics from the 2003 period 
linked birth/infant death data set. Natl Vital Stat Rep 2006;54(16):1-29. 
140. Williams D. Pregnancy: a stress test for life. Curr Opin Obstet Gynecol 
2003;15(6):465-71. 
141. Euser AM, de Wit CC, Finken MJ, Rijken M, Wit JM. Growth of preterm born 
children. Horm Res 2008;70(6):319-28. 
142. Joss-Moore LA, Lane RH. The developmental origins of adult disease. Curr Opin 
Pediatr 2009;21(2):230-4. 
143. Malamitsi-Puchner A, Nikolaou KE, Economou E, Boutsikou M, Boutsikou T, 
Kyriakakou M, et al. Intrauterine growth restriction and circulating neurotrophin 
levels at term. Early Hum Dev 2007;83(7):465-9. 
144. Sattar N, Greer IA. Pregnancy complications and maternal cardiovascular risk: 
opportunities for intervention and screening? BMJ 2002;325(7356):157-60. 
145. Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-eclampsia and risk of 
cardiovascular disease and cancer in later life: systematic review and meta-
analysis. BMJ 2007;335(7627):974. 
146. Rich-Edwards JW, McElrath TF, Karumanchi SA, Seely EW. Breathing life into 
the lifecourse approach: pregnancy history and cardiovascular disease in women. 
Hypertension 2010;56(3):331-4. 
147. Jackson RA, Gibson KA, Wu YW, Croughan MS. Perinatal outcomes in singletons 
following in vitro fertilization: a meta-analysis. Obstet Gynecol 2004;103(3):551-
63. 
148. Ceelen M, van Weissenbruch MM, Vermeiden JP, van Leeuwen FE, Delemarre-
van de Waal HA. Growth and development of children born after in vitro 
fertilization. Fertil Steril 2008;90(5):1662-73. 
149. BBC-Science&Nature-Horizon. Beckwith-Wiedeman Syndrome. 2005. 
150. Khosla S, Dean W, Brown D, Reik W, Feil R. Culture of preimplantation mouse 
embryos affects fetal development and the expression of imprinted genes. Biol
Reprod 2001;64(3):918-26. 
151. Rivera RM, Stein P, Weaver JR, Mager J, Schultz RM, Bartolomei MS. 
Manipulations of mouse embryos prior to implantation result in aberrant 
  
60
60
expression of imprinted genes on day 9.5 of development. Hum Mol Genet 
2008;17(1):1-14. 
152. http://www.fhi.no/morogbarn. Bergen: Norwegian Institute of Public Health. 
153. Thurin A, Hausken J, Hillensjo T, Jablonowska B, Pinborg A, Strandell A, et al. 
Elective single-embryo transfer versus double-embryo transfer in in vitro 
fertilization. N Engl J Med 2004;351(23):2392-402. 
154. Tiitinen A, Hyden-Granskog C, Gissler M. What is the most relevant standard of 
success in assisted reproduction? The value of cryopreservation on cumulative 
pregnancy rates per single oocyte retrieval should not be forgotten. Hum Reprod 
2004;19(11):2439-41. 
155. Tiitinen A, Unkila-Kallio L, Halttunen M, Hyden-Granskog C. Impact of elective 
single embryo transfer on the twin pregnancy rate. Hum Reprod 
2003;18(7):1449-53. 
156. Bergh C. Single embryo transfer: a mini-review. Hum Reprod 2005;20(2):323-7. 
157. Gelbaya TA, Tsoumpou I, Nardo LG. The likelihood of live birth and multiple 
birth after single versus double embryo transfer at the cleavage stage: a 
systematic review and meta-analysis. Fertil Steril 2010;94(3):936-45. 
158. Norman JE. Preterm labour. Cervical function and prematurity. Best Pract Res Clin 
Obstet Gynaecol 2007;21(5):791-806. 
159. McDonald SD, Han Z, Mulla S, Beyene J. Overweight and obesity in mothers and 
risk of preterm birth and low birth weight infants: systematic review and meta-
analyses. BMJ 2010;341:c3428. 
160. http://www.fhi.no/dodsarsaksreg. Oslo: The Norwegian Institute of Public Health. 
 
  
61
61
Appendices 1-3 
  
62
62
 
  
63
63
 
 
 
  
64
64
 
 
  
65
65
 
 
Errata
 Paper 3, page 2, paragraph 4: The sentence: “Records with obviously 
misclassified gestational age were also excluded based on z-scores for 
birthweight-by-gestational age above 4 (n=15, 0.1%)” should be “…z-scores for 
birthweight-by-gestational age above 5 (n=13, 0.1%)”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

